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Cyanobacteria are one of the most diverse groups of prokaryotae which are
distributed around the world. They are producing a variety of secondary metabolites
which are composed of various biological effects. In this study, the cyanobacteria Anabaena
was separated and purified from Sorkhankol area in the central part of Anzali wetland.
Diagnoses were done with valid keys and 16srRNA molecular analysis. Methanol extracts
and acetone extracts of Anabaena have been examined against Pyricularia oryzae and
Rhizoctonia solani fungus (the factor of Blast and Sheath blight of rice diseases). Antifungal
properties of extracts on Pyricularia oryzae and Rhizoctonia solani have been determined
through Park Method. The results indicated that the diameter of inhibition zone for
methanol extracts of Pyricularia oryzae and Rhizoctonia solani were 9 mm and16 mm
respectively, the diameter of inhibition zone for acetone extract of both Pyricularia oryzae
and Rhizoctonia solani were 8 mm. Furthermore, minimum inhibitory concentration of
growth (MIC) for methanole extract were 32 µg/ml and 16 µg /ml for Rhizoctonia solani
and Pyricularia oryzae minimum inhibitory concentration of growth (MIC) for acetone
extract were 32 µg /ml for both Rhizoctonia solani and Pyricularia oryzae. phytochemical
tests for methanole extracts were conducted in this study.
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Cyanobacteria are the most abundant
organisms in aquatic ecosystems. These
microorganisms are the oldest prokaryotic living
creatures on the planet which play an important
role in human lives. This alga is a rich source of
biologically active metabolites. Recent studies
regarding bioactive compounds in blue-green
algae in aquatic ecosystems have shown that many
compounds have antibacterial, antifungal,
antiviral, anticancer, and immunosuppressive
properties 1. The bioactive compounds are isolated
from cyanobacteria in order to discover new
compounds for biological, agricultural and
pharmaceutical applications 2. Given the increasing
number of bacteria, fungi, viruses and antibiotic

resistance, the cyanobacteria should be
considered as a great promise for new drugs, new
structures and metabolites with biological activity
3. Primary or secondary metabolites produced by
these microorganisms demonstrate the potential
of bioactive compounds in the industry 4. In totall,
only 10 percent of isolated cyanobacteria could be
cultivationd in the lab and just a small number of
these species enjoy commercial uses 5.

Rice is the main food for about half of the
world’s population; it is the second greatest
consumed nutrition in Iran after the wheat. Rice
acreage in Iran is 4.5 tons per hectare. According
to the importance of rice in Iran, its diseases also
bear considerable significance. One of the most
important diseases regarding rice is Blast disease
which can reduce the rate of production by 30%.
Rice production has caused the largest pesticide
business in the world.  The share of fungicides in
1988 was 570 Million USD out of total 2.4 billion
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USD which about 92% of that has been used for
the control of rice blast disease 6.

The disease is known as leaf blast, cluster
blast and cluster neck. The factor of this disease is
a fungus called Pyrricularia oryzae. Teleomorph
of this fungus, that is Magnoporthe grisea, has
not been found in nature. It is the Ascomycetes of
the Physosporelleaceae which produces
transparent, spindle-shaped Ascospores with a
transverse wall in one-wall Ascs. It is a Hetrotalic
fungus which controls the bipolar intercourse while
there are additional genes which control the sexual
cycle 7. One another rice disease is the rice sheath
blight that is caused by Rhizoctonia solani AG1-
IA. It originates from Agonomycctales which
includes sterile hyphae that cannot produce
asexual spores. Mycelium of the growth of fungi is
colorless when it is young and becomes yellowish-
brown when it grows ripe. Hyphae have cross-
grid and multi-core wall, and generally have a
diameter of 8-12 micrometer; younger hyphae are
divided into acute angles (about 45 degrees) and
the older hyphae will be divided into perpendicular
angles. Hyphae divisions are compressed at the
beginning point and a cross wall could be seen
near them 8.

Rice sheath blight disease is caused by
Rhizoctonia solani and rice blast disease is
resulted from Pyricularia oryzae which are the
most important limiting factor for the development
of the rice crop in most rice-rich countries of the
world, including Iran. The above pathogenic fungi
can infect potatoes, cotton, beans, lentils, beets,
alfalfa as well as eggplant and tomatoes in addition
to the rice 9 .

Due to the failure of chemical methods to
combat against these diseases, including
environmental pollution and high costs, the use of
biological methods is highly recommended. The
bioactive extracts of cyanobacteria have not been
used against diseases of rice sheath blight and
rice blast so far in Iran; in fact there are no
comprehensive researches done in this field.
Cyanobacteria is considered as the best source of
biological control which is easily cultivationd and
is more economical in comparison with anti-fungal
and anti-bacterial chemicals compounds,
furthermore it is more suitable regarding biological
control tools. Based on the importance and
necessity of cyanobacteria in biological combat

phenomena and biological control, this group of
microorganisms can contribute to the agricultural
industry, reducing and preventing the waste of
the grains, such as rice. In addition to the isolation
and optimization of secondary metabolites of
cyanobacteria seprated from the central region of
Bandar Anzali Wetland, the aim of this study is to
evaluate the antifungal activity of these
substances and determine the extent of their
activity.

MATERIALS   AND  METHODS

Sampling
Sampling was carried out in Sorkhankol

Area, this area is situated in Bandar Anzali Wetland
by the geographical coordinates of east longitude
E492718- E492404 and north latitude N372620-
N372304. Sampling has been done by the use of
sterile containers from surface to a depth of 50 cm.
Isolation

In order to isolate sea cyanobacteria, 500
ml of water has been transmitted through a filter
with 45.0 micron pores. Then filter-paper was
transmitted to the flask containing 500 ml of BG11
cultivation medium (Merck Co, Germany) (BG11
Medium for blue-green algae ATCC medium 616,
BG11 Medium) 10,11 .

Samples were used at 25 ° C as the optimal
growth temperature, light intensity of 2500 lux with
16 hours of light and 8 hours of darkness and a pH
of 7.5. In order to ventilate the liquid cultivation
medium, a shaker with 150 rpm and an air pump
were used 2 .
Purification

It is based on a chance or probability of
the presence of a particular microorganism under
very low concentrations:
Serial dillution

for this purpose, 9 ml of BG11 cultivation
medium was added to 10 sterile tubes and then 1
ml of Erlen flask containing cultivated
cyanobacteria was added in a tube (1); the content
of the first tube was mixed until it was fully diluted
up to 10-1. Then 1 ml of it was moved to the next
tube in sterile conditions. The former step was
repeated in order for the next tubes to obtain a
dilution of 10-10.
Pour plate

At first 1.5% agar was added to the liquid
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cultivation medium of BG11 in order to have a solid
cultivation BG11 medium, and then Nystatin (100
microgram per ml) was added to the cultivation
medium in order to eliminate fungal infections and
then cycloheximide (100 microgram per ml) was also
added to the cultivation medium in order to
eliminate the bacterial contamination.

About 1 ml of each of the dilutions were
poured into 10 sterile plates, and 15 ml of cultivation
BG11 medium was added to the plates (before
cooling); then the plates were shaken circularly,
put at rest in order to be cooled at 30 ° C and
exposed to yellow and white radiation 12 .
Identification of cyanobacteria
Microscopic examination

Morphological or apparent
characteristics of cyanobacteria are used for the
preliminary identification. The valid identification
keys such as Desikhachary, Prescott and algae base
website were used in this study 13,14 . The grown
cyanobacteria were examined with a magnification
of 100X (Fig.1).
Molecular Analysis of 16SrRNA

Total DNA was extracted according to
modified Marmur method 15. PCR reaction was
carried out using CYAN738F and CAYN1281R
special primers for cyanobacteria.

to potato dextrose agar ( Merck Co, Germany) then
they were incubated at 25 °C 9. Also, Rhizoctonia
solani (ATCC16118) was used for evaluation of
rice sheath blight disease.
Microscopic examination of herbal pathogenic
fungi

The isolated funguses were colored by
Lacto-phenel-cotonblue and were observed with
magnification of X40 (Fig.2).
Extraction of the methanol extracts

For this purpose, at first the grown
cyanobacteria were centrifuged in 4000 rpm and
added to sediment of methanol solution and
incubated at the room temperature and dark
conditions for 24 hours; after incubation time,
change of the color of solvents were observed
and then the colored sediment was removed.
Antibiogram of methanol extract

A 0.5cm piece of rice-plant from the plates
containing pathogenic fungi was transferred into
center of a plate containing potato dextrose agar
by the use of sterile scalpel and then Blank paper-
discs with a diameter of 6 mm were mixed with 50
macro-liter of the methanol extract (These discs
were sterilized in the autoclave for 20 minutes at
121°C and under a pressure of 15 atm) and then
they were located in a distance of 1 cm from the
plate-wall by the means of sterile forceps and were
incubated at 25°C, finally the inhibition growth was
evaluated after 5 days 16 .

MIC and MFC of the methanol extract
were determined through the fungal suspension
17.
Chemical Analysis of methanol extract alkaloids

0.5 g of the methanol extract of Anabaena
cyanobacteria with 15 ml of sulfuric acid solution
was solved and then, 0.5 g of sodium chloride was
added and stirred after cooling, then it was cleared
and the sediment over the strainer alongside with
chloridric acid reached the volume of 10 ml,
afterwards a few drops of Mayer’s reagent were
added- yellowish white sediment indicated the
presence of alkaloids
Saponins

The purpose of the test was used frothing
test, 2ml of methanol extract of Anabaena
cyanobacteria was added distilled water and
shaked it very well, the presence of frothing,
indidicate saponins.

Row Primer Name Sequence 5 to 3

1 CYAN738F ATACCCCWGTAGTCCTAGC
2 CYAN1281R GCAATTACTAGCGATTCCTCC

Sequencing details
Applied Biosystems 3730/3730xl DNA

Analyzers Sequencing, Bioneer, Korea, Sanger
method.
Sampling of pathogenic fungus of rice

In order to evaluate the rice sheath blight
disease, the Rice Research Institute in Gilan
province collected the infected leaf samples of rice
and transferred them to the laboratory in the
summer 2015. Rhizoctonia solani (ATCC16118)
was used for the examination of rice sheath blight.
Isolation of pathogenic fungus of rice

The pieces by the length of 5 to 10 mm
were cut from infected and healthy areas of  the
rice leaves; and after water rinsing they were
sterilized with sodium hypochlorite (NaOCl 5% )
for 3 minutes; then some small pieces were seprated
from infected pieces by sterile scalpel and added
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Tannin
To 2ml of methanol extract of Anabaena

cyanobacteria, 1% gelatin solution and sodium
chloride was added, White sediment indicates
tannins.
flavonoids

To the 2ml of methanol extract of
Anabaena cyanobacteria, few drops of  acetate
solution were added, yellow colour  indicates the
flavonoids 18 .
Chemical composition (GC-MS analaysis)

The Gas Chromatography Mass
Spectrometry analysis was carried out. An electron
ionization system with Helium gas (as a carreier
gas) was used for GC-MS detection. The mass
spectra were matched with the library data (NIST/
AMIDS).
Extraction of chlorophyll

At first, cyanobacterial mass was
seprated by filtration and then the mass was placed

into the darkness with 2 to 3 ml of 90% acetone for
2 hours at 4 °C, the extracts were centrifuged for 15
minutes at 4000rpm, the supernatant was poured
in sterile plates and dry weight was measured (the
extracts were diluted by acetone for reusing) 19 .
Antibiogram of chlorophyll extract

A 0.5cm piece of rice-plant from the plates
containing pathogenic fungi was transferred into
center of a plate containing potato dextrose agar
by the use of sterile scalpel and then Blank paper-
discs with a diameter of 6 mm were mixed with 50
macro-liter of the methanol extract (These discs
were sterilized in the autoclave for 20 minutes at
121°C and under a pressure of 15 atm) and then
they were located in a distance of 1 cm from the
plate-wall by the means of sterile forceps and were
incubated at 25°C, finally the inhibition growth was
evaluated after 5 days 16 .

MIC and MFC of the methanol extract were
determined through the fungal suspension 17 .

     
egg -shaped akinete                                Heterocystous                    Vegetative cells such as bread of a rosary   

Fig.1. Anabaena Cyanobacteria microscopic features: Vegetative cells are chained such as beads, egg-shaped breads
and Heterocystous are placed through the layers of growing cells; trichomes are placed spirally and free of gelatin
covers

Identification of cyanobacteria

Identification of rice Fungi (Pyricularia oryzae and Rhizoctonia solani )

   a)  
                                                                 b)                                                                          

                                Microscopic image :  a ( Pyricularia oryzae and  b  (Rhizoctonia solani 

Fig. 2. Microscopic characteristics of Pyricularia oryzae (blast factor): it produces transparent, streamline-shaped
Ascospores with a transverse wall in one-wall Ascs
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RESULTS

b) Sequencing of 16SrRNA showed the strain with
534 nucleotide has been 100% phylogenetic
relationship with Anabaena variabilis
ATCC29413 20,21,22 .
Microscopic characteristics of Rhizoctonia solani
(sheath blight factor)

it includes hyphae with a cross-grid and
multi-core wall, and generally a diameter 12-8 micro-
meter; young hyphae have acute angles and the
older ones are divided in perpendicular angles.
Thalloid divisions are compressed at the beginning
points, and a transverse wall could be seen in the
vicinity of them.

The diameter of inhibition zone (mm)

exhibited against testing fungi by methanol and
acetone extracts
MFC level

The amount of MFC is equal to the
amount of MIC
Table.1: Results of Phytochemical analysis on
Anabaena separated from the Sorkhankol

DISCUSSION

Due to the inefficiency of fungicides to
control diseases of rice sheath blight and rice blast
as well as environmental pollution caused by them
in Iran and also the possibility of the emergence of
resistant strains of pathogens, the use of other
biological controlling methods are of special

Fig. 3. The diameter of inhibition zone for methanol extracts of Pyricularia oryzae and Rhizoctonia solani, were 9
mm and 16 mm and the diameter of inhibition zone for both acetone extracts of Pyricularia oryzae and Rhizoctonia
solani were 8 mm

Fig. 4.  MIC of methanole extracts for Rhizoctonia solani and Pyricularia oryzae were 32 µg/ml and 16 µg /ml
respectively, and MIC of acetone extracts for both Rhizoctonia solani and Pyricularia oryzae were 32 µg /ml
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Fig. 5. GC MS Chromatogaram of the methanol extract of Anabena variabilis ATCC29413

 

Table 1. Results of Phytochemical analysis in Anabaena variabilis
ATCC29413 isolated from the Sorkhankol

Results Observations Effective compound in extract

+ Yellowish – white sediment Alkaloid
+ Stable lather Saponin
- Pink color Flavonoid
- Blue or green color Tannin

importance. Unreasonable use of pesticides
increases the cost of production, environmental
degradation, loss of natural enemies, secondary
pest outbreaks and illegal pesticide residue on
agricultural products which as a consequence

Table 2. Dry weight of acetone and methanol extract

Dry weight of acetone extract 550 mg/ml
Dry weight of methanol extract 300 mg/ ml

jeopardizes the health of the consumers.
Cyanobacteria have not been fully studied in terms
of antifungal activities but a few studies have been
conducted on this issue so far. Given the
abundance of cyanobacteria on micro-flours of

Gilan wetlands, Anabaena cyanobacteria have
been seprated from Gilan native wetlands in this
research.

Examination of 150 samples of
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cyanobacteria seprated from the Northern
provinces by Ghasemi et al. showed that 13
samples of cyanobacteria bore antifungal activity.
In this study, the antifungal activity of Anabaena
cyanobacteria was significant1.

Lampe et al. reported that lipids and fatty
acids of cyanobacteria would cause damage to the
cell membranes and inhibit the growth of some
fungal species23. Katirciooglu et al. figured out
that antimicrobial properties of cyanobacteria
(antibacterial properties, antifungal properties)
were related to the ring peptides, alkaloids as well
as lipopoly sacharide. Studies suggest that
alkaloids and saponins were diagnosed as active
and effective ingredients24. Ebana et. al. reported
that alkaloids, as active ingredient in Anabaena
cyanobacteria, had inhibition effects on pathogen
bacteria, and inhibited their growth25.The results
of this study showed that the Anabaena
cyanobacteria has been composed of
phytochemical composition with alkaloids and
saponins as well as chlorophyll which inhibits the
growth of fungi of Pyricularia oryzae and
Rhizoctonia solani.

Ozdemir et al. stated diethyl ether and
acetone extracts of cyanobacteria of Spirulina
platensis influenced the herbal pathogenic fungi26.
Abedin and Taha showed that the ethanol extract
of Anabaena oryzae had the highest activity
against herbal pathogenic fungi 27. Madhumathi
and Partners found that the acetone extract of
Phormidium corium, methanol extract of Lyngbya
martensiana and ether diethyl extract of
Microcystis aeroginosa bore the maximum
diameter of inhibition zone against herbal
pathogenic fungi 28.

Kollimalai et. al. reported that Rhizoctonia
solani are sensitive against methanol and
chloroform extracts of cyanobacteria as the
Synechocystis salina, the Spirulina subsalsa, the
Oscillatoria cortiana, the Oscillatoria salina, the
Oscillatoria willei, the Phormidium fragile and
Phormidium tenue29. Shrivastava showed that the
extract of cyanobacteria as Phormidium fragile
and Oscillatoria boryana have had effects on the
growth of herbal pathogenic fungi such as
Rhizoctonia solani, and have prevented their
growing 30. The results of this study represented
that the methanol extract and the acetone extract
of Anabaena cyanobacteria have had inhibitory

effect on the growth of Rhizoctonia solani and
Pyriculariaoryzae. The minimum inhibitory
concentration of growth (MIC) of the methanole
extracts for Rhizoctonia solani and Pyricularia
oryzae were 32 µg/ml and 16 µg /ml respectively,
and the minimum inhibitory concentration of
growth (MIC) of acetone extracts for both
Rhizoctonia solani and Pyricularia oryzae were
32 µg /ml.

The diameters for inhibition zone of
growth regarding methanol extracts for
Rhizoctonia solani and Pyricularia oryzae were
9 mm and 16 mm respectivly. The diameters for
inhibition zone of growth regarding acetone
extracts for both Rhizoctonia solani and
Pyricularia oryzae were 8 mm. The results also
showed that the Anabaena cyanobacteria seprated
from Sorkhankol Area has been composed of
phytochemical compounds possessing traits of
alkaloids and saponins that could prevent the
growth of pathogens such as Pyriculariaoryzae
and Rhizoctonia solani. According to the results,
it seems that the blast and Sheath blight diseases
could be controlled by using cyanobacteria as a
means of biological control while the risks of using
chemical poisons could be reduced.
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